A rapid method for nuclease digestion of Aspergillus nidulans chromatin is described. It overcomes the need for nuclear purification or protoplast preparation. The method is valid for the analysis of the nucleosomal repeat length in bulk chromatin, and allows the analysis of nucleosome phasing at a specific locus.
Eukaryotic nuclear DNA is packaged in nucleosomes and higher-order chromatin structures. This organisation restricts the accessibility of DNA to proteins, including RNA polymerases and transcription factors. Transcriptional activation is frequently accompanied by alterations in the chromatin structure of regulatory sequences. These alterations can usually be detected as DNase I hypersensitive sites (DHSs) (1) . Furthermore, nucleosomes can be quite precisely positioned with respect to specific DNA sequences and this phasing is important for transcriptional regulation (2) (3) (4) . Nucleosome phasing can be detected through the increased accessibility of internucleosomal regions to micrococcal nuclease (MNase) or methidium propyl EDTA Fe(II) (MPE) (5) .
Sensitivity of chromatin to both enzymatic nucleases and MPE has been usually studied in isolated nuclei. The fact that chromatin structures can be perturbed during the process of nuclear purification has stimulated the development of simplified methods for chromatin analysis. These methods rely on the permeabilisation of intact cells, or yeast spheroplasts, with detergents or nystatin (6, 7) . However, spheroplast preparation itself induces changes in the MNase digestion pattern of yeast chromatin, and reactivation steps are necessary to recover from starvation, which is concomitant to spheroplast preparation (8, 9) .
In the filamentous fungus Aspergillus nidulans, treatment with detergents is not effective in making nuclei accessible to external MNase (unpublished results), probably due to the presence of a chitinous cell wall. We have developed an alternative method for chromatin digestion in this organism which overcomes the requirement for isolation of nuclei or enzymatic digestion of the cell wall. It is based on grinding, as the simplest way to disrupt the fungal cell wall, and the fact that MNase and DNase I are active in complex mixtures. The procedure allows the processing of several samples in the same day, what makes the method amenable to study the effect of different growth conditions and/or genetic backgrounds at the level of chromatin structure of regulatory sequences.
The mycelium is harvested by filtration through a nylon mesh, pressed dry between paper towels, and frozen in liquid nitrogen.
It is then reduced to powder by grinding under liquid nitrogen with a mortar and pestle, and suspended in nuclease digestion buffer (250 mM sucrose, 60 mM KCl, 15 mM NaCl, 0.05 mM CaCl 2 , 3 mM MgCl 2 , 0.5 mM DTT, 15 mM Tris-HCl pH 7.5) to a final concentration of 100 mg of dry-pressed mycelium per ml. Samples of this cellular homogenate were examined by fluorescence microscopy with 4′,6-diamidino-2-phenylindole. Nuclei can be observed free in the medium, as well as in clumps, together with cellular debris and within residual unbroken mycelia. MNase digestion is started immediately after suspension by the addition of different amounts of the enzyme to 200 µl aliquots of this suspension. The mixture is incubated for 5 min at 30 or 37_C (see below). The final enzyme concentrations range from 1 to 20 U/g of mycelium. The reaction is stopped by adding 1 vol of 40 mM EDTA, 2% SDS. This mixture is extracted twice with phenolchloroform and once with chloroform, then treated with 10 µg/ml of RNase A at 37_C for 15 min, precipitated from sodium acetate 0.3 M pH 5.2, 2 vol of ethanol and the pellet rinsed with 70% ethanol.
DNase I can also be used under the conditions described above. Digestion with 500 U of DNase I per gram of mycelium, at 25_C, gives DNA fragments with an average size <500 bp, digestion with 10-200 U of the enzyme per gram of mycelium results in average sizes intermediary between 500 bp and >20 kb which is equivalent to samples with no enzyme added (results not shown).
Samples treated at 37_C with the higher MNase concentrations show, in agarose gels, a regular series of DNA fragments characteristic of eukaryotic chromatin (Fig. 1A) . We have used these samples to estimate the nucleosomal repeat length of A.nidulans by the method of Noll (10) . The result obtained, 159 ± 7 bp, is very similar to that calculated from MNase digestion of A.nidulans isolated nuclei, 154 ± 9 bp (11).
Samples digested by this method are also suitable for nucleosome mapping. As an example, Figure 1B shows nucleosome positioning in the 1.7 kb prnB-prnD intergenic divergent promoter region of A.nidulans. The fungus was grown under conditions where neither the prnB nor the prnD genes are expressed (in the absence of the specific inducer, proline, and in the presence of repressing nitrogen and carbon sources, 12). Chromatin was digested with MNase as described above and the degree of digestion was estimated by ethidium bromide staining of minigels. The prnB-prnD region was analysed by the indirect end-labelling technique of Wu (13) by band 9 is partially protected. Other sequences are not protected (defined by bands 1, 2, 8 and 16), or are preferentially cut in chromatin (defined by bands 4, 7, 11, 12, 14 and 18) . We assume that the latter bands define linker regions and that bands protected in chromatin correspond to regions covered by nucleosomes. The strong sequence specificity observed for the digestion of naked DNA was expected as a similar situation has been described for genes from other organisms (5, 9) . In Figure 1B we also show the nucleosome structure of this region, as deduced from the digestion pattern. The nucleosome structure of the prnB proximal portion of the intergenic region cannot be deduced from this experiment because it overlaps with the probe.
The method is also useful to map DHSs. We have been able to detect DHSs in the promoter regions of the uapA (14) and prnC (15) genes of A.nidulans, by indirect end labelling of chromatin digested with DNase I in the conditions described above (data not shown).
The method reported here should be useful in the study of the chromatin structure of filamentous fungi. This kind of analysis was started more than two decades ago by the identification of histones and the nucleosomal repeat length for A.nidulans and Neurospora crassa (10, 11) . The A.nidulans core histone genes have been cloned and sequenced (16, 17) , as well as that for histone H1 (Ramon,A., Sccazzocchio,C. and Gonzalez,R., unpublished). All but one are present in a single copy and this make this organism a potential model for in vivo structure/function analysis of histones. Concerning the relationship between chromatin structure and gene activity in filamentous fungi, apart from the work of Baum and Giles in the qa gene cluster of N.crassa (18, 19) , little has been done. In fact, this is to our knowledge the first time in which nucleosome positioning is shown in a filamentous fungus.
The method should also be applicable to other systems in which a rigid cell wall limits the accessibility of external nucleases, as in fungi and plants.
